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Catheter for Carrying Out the Combined Examination of the 
Left Ventricle and of the Right and Left Coronary Arteries 

Description 

The invention takes as its point of departure a multi-lumen catheter 
having an inflatable balloon, where the balloon connects to a first lumen, and having 
a second lumen, where the second lumen has at least one outlet, and a device for 
perfusing a contrast medium with a multi-lumen catheter having an inflatable 
balloon, where the balloon connects over a first lumen with a balloon pump, and 
having a second lumen where the second lumen has at least one outlet which 
connects over the second lumen to a first contrast medium pump. 

In order to be able to perform an X-ray examination of the left 
ventricle and the left and right coronary arteries, or respectively other aortic orifices 
or aortocoronary bypasses, a radiopaque X-ray substance is pumped by means of a 
catheter into the area of the heart to be examined. Using an X-ray camera, the 
volume, or the change in volume respectively, of the left cardiac chamber, hereafter 
called left ventricle, and the blood circulation in the coronary arteries can be shown 
on an X-ray screen. . 

Examinations of this kind are used for the combined sequential 
angiographic presentation of the left cardiac chamber and coronary arteries if there is 
a clinical suspicion of coronary heart disease, diseases of the myocardium of the left 
cardiac chamber (e.g. condition following myocardial infarction with reduced 
contractility of the myocardium), vitiation and similar conditions. 

At the present time several catheters are used in sequence when these 
examinations are performed, when one catheter is first inserted into the arteria 
femoralis or the arteria brachialis through an entry in the groin and then advanced 
into the left ventricle. Through a passage - henceforth referred to as a lumen - in the 
catheter, having an opening at the tip of the catheter, contrast medium is injected 
under pressure, while the filling of the left ventricle during several heart cycles is 
brought up on a screen by means of an X-ray camera. 
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The second part of the examination consists of introducing a second, 
specially shaped catheter into the aorta, in place of the first catheter, for probing the 
left coronary artery. The current position of the catheter tip as it is advanced through 
the aorta can be tracked by using radiopaque materials until it reaches the bulbus 
aortae. If the correct position in the ostium (opening of the blood vessel) of the 
coronary artery is probed and the catheter is securely positioned, the entire mass of 
contrast medium is injected under high pressure into the coronary artery. The left 
coronary artery shows up on the X-ray image as a dark, intertwined blood vessel. 
Multiple repetitions of the injection of contrast medium, or several different X-ray 
projections, are necessary for complete viewing. The purpose of the examination is . 
to discover, among other things, restrictions caused by coronary sclerosis which are . 
obstructing the arterial supply of blood and which can lead to angina pectoris and, in,, 
later stages, to a cardiac infarction. 

In a similar way, the right coronary artery is also shown in a third step 
on the screen with the aid of a third, similarly specially shaped catheter. When 
necessary, the often difficult search for and portrayal of an existing aortocoronary 
bypass follows. 

The disadvantage of the catheters for cardiac examinations in the prior 
art and of the devices for perfusing a contrast medium with a multi-lumen catheter is 
that they are suitable only for examining one area of the heart - left ventricle, right or 
left coronary artery. Consequently, several catheters have to be used in the course of 
a normal, complete examination, which increases the time required for the 
examination and thus the physical and mental stress on the patient as well as the 
exposure to X-rays of the patient, physician and attending staff. The risk of infection 
is also increased, since at least three catheters have to be inserted. 

Finally, because of the complicated process of changing of catheters, 
the necessary multiple X-ray positional checks and multiple injections of contrast 
medium, the examination time is long and the exposure to X-rays for the patient, 
physician and attending staff is high. Physician and, to some extent, assisting staff 
must remain standing at the examination table during the X-ray examinations, 
whereby they are exposed to X-ray radiation. The inventive catheter not only 
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shortens the overall examination but possibly also allows stepping away briefly from 
the examination table during the time of the X-ray examinations. 

The specially shaped catheters for examining the coronary arteries in 
the prior art have to be introduced into the coronary arteries and there, particularly 
with arteriosclerotic plaques close to the arterial trunk , they can result in a rupture 
and, in extreme cases, to acute infarction. Moreover, the danger of arterial dissection 
and a relative ischemia exists, caused by the highly concentrated, oxygen-poor 
contrast medium. With unfavorable anatomical conditions or variants thereof, or 
with a condition following an aortocoronary bypass operation it may also be 
necessary to introduce more than two catheters to examine the coronary arteries. 

In order to obtain an improved image of the area of the heart being 
examined, it is proposed in WO 91/08791 that the areas of the heart not being 
examined be segregated by suitable blocking means from the area of the heart being 
examined. As a result, the concentration of contrast medium in the area of the heart 
to be examined can be increased and thus improve the image of the area of the heart 
to be examined. One possible means of segregating one area of the heart from 
another area is an inflatable balloon, which is located, for example, at the tip of the 
catheter and can be dilated by a pump connected by means of a lumen in the catheter 
to the balloon, If a catheter of this kind with its tip is introduced into a coronary 
artery and the balloon is inflated, almost no blood continues to flow out of the aortic 
bulb into the blocked off coronary artery. This increases the blood circulation in the 
other coronary artery or the concentration of the contrast medium injected into the 
aortic bulb in the other coronary artery. The image of a coronary artery on the screen 
is somewhat improved by this cardiac catheter; however, the basic problem remains 
that in order to examine the left ventricle and both coronary arteries at least three 
catheters have to be inserted. Furthermore, the blocking off, even if only for a short 
time, of one coronary artery results in a temporary undersupply of the blocked off 
coronary artery and the resulting undesirable potential consequences for the patient. 
As with conventional single-lumen catheters for showing individual coronary 
arteries, the same risks exist here for the complicated probing of the arterial entrances 
with the imminent risk of the rupture of unstable plaques. 
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A urological catheter is known from DE 295 03 895 Ul having two 
lumina and a balloon inflatable and deflatable through one of the two lumina. In its 
inflated state the balloon is used to hold the catheter in position in the urinary tract. 

The object of the invention to provide a catheter and a device for 
perfusing a contrast medium, which make possible a short, and for the patient less 
stressful, examination of the left ventricle and a non-selective image of both coronary 
arteries. Furthermore, the examination shall be less dangerous for the patient, the 
exposure to X-rays for patient, physician and attending staff shall be reduced and 
finally an improved representation of the areas of the heart being examined shall be 
obtained. 

This object is achieved under the invention by a multi-lumen catheter , 
having an expandable balloon, where the balloon is connected to a first lumen, and . 
having a second lumen, where the second lumen has at least one outlet, where the 
outlet, or outlets, of the second lumen are located between the balloon and a distal 
end of the catheter, and where the catheter is used for the angiography of coronary v 
arteries, aortocoronary bypasses and other exits from the aorta and its branches. 

This inventive catheter possesses the advantage that both the left 
ventricle and also both coronary arteries can be examined with it, so that the risk of 
infection for the patient is reduced as a result of eliminating the exchange of 
catheters. Moreover, it is not necessary to invade the coronary artery with the tip of 
the catheter, since, in its expanded state, the balloon prevents the flow of blood and 
contrast medium out of the aorta and thus results in an increased concentration of 
contrast medium in the area of the aortic bulb and of the coronary artery. While the 
balloon is being expanded, its increase in volume even results in an increased 
physiological reflux of blood from the area of the aortic bulb into the coronary 
arteries. The penetration of contrast medium injected into the coronary arteries 
simultaneously with the expansion of the balloon is thereby improved and thus their 
depiction on the screen. By dispensing with the invasion of the coronary arteries 
with a catheter tip, the risk of arteriosclerotic plaques close to the arterial trunk 
becoming detached and consequently of an acute infarction is enormously reduced. 
Moreover, there is no damage to the endothelium of the coronary arteries, which 
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must be accepted even with an uncomplicated probe and which, in turn, can become 
the start of an atherosclerotic restriction of the blood vessel. The potential negative 
consequences of the temporary undersupply of one coronary artery as the result of a 
blocking means - as proposed in the case of WO 91/08791 - are also reduced. 

In a different version of the invention it is envisioned that the catheter 
has a third lumen having at least one outlet and that the outlet, or outlets, of the third 
lumen are located between the outlet, or outlets, of the second lumen and the distal 
end of the catheter, so that several areas of the heart can be examined without the 
necessity of changing the position of the catheter relative to the heart. 

The object stated at the beginning is also achieved by a device for 
perfusing a contrast medium with a multi-lumen catheter, having an expandable ,. x 
balloon, where the balloon is connected to a balloon pump through a first lumen.-., 
having a second lumen, where the second lumen has at least one outlet which is 
connected to a first contrast medium pump or syringe through the second lumen, and 
where the outlet, or outlets, of the second lumen are located between the balloon ; and 
the distal end of the catheter. 

Supplemental to the invention it is envisioned that the catheter of the 
inventive apparatus has a third lumen connected to a second contrast medium pump 
or syringe having at least one outlet and that the outlet, or outlets, of the third lumen 
are located between the outlet(s) of the second lumen and the distal end of the 
catheter. The advantages of the inventive apparatus and its supplement are the same 
as the aforementioned advantages of the catheters, so that reference is made to the 
corresponding passages. 

Supplemental to the invention it is envisioned that the outlet, or 
outlets, of the second lumen are located in the proximity of the balloon, specifically 
at a distance of 0 to 60 mm from the balloon, so that the contrast medium can be 
injected above the aortic valve into the bulbus aortae [aortic bulb] thereby enriching 
the contrast medium in the coronary arteries, while the balloon at least partially 
inhibits the outflow of blood and contrast medium into the aorta ascend ens. For this, 
the balloon is positioned immediately above the aortic bulb and the balloon is 
expanded in synchronization with the injection of the contrast medium. 
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Supplemental to the invention it is envisioned that the outlet, or 
outlets, of the third lumen are located in the proximity of the distal end of the 
catheter, specifically at a distance of 0 to 50 mm from the distal end of the catheter, 
so that contrast medium can be injected into the left ventricle for viewing. 

One supplement to the invention provides for the outlet, or outlets, of 
the second lumen to be located in the proximity of the distal end of the catheter, 
specifically at a distance of 0 to 60 mm from the distal end of the catheter, so that the 
catheter is pushed forward into the left ventricle to examine the left ventricle and then 
the contrast medium can be injected in the interior of the left ventricle below the 
aortic valve. 

In another embodiment of the invention it is envisioned that the . 
distance between the outlet(s) of the second lumen and the outlet(s) of the third .... 
lumen is approximately equal to the inside longitudinal diameter of the left ventricle 
and is specifically 60 mm to 140 mm, so that both the left ventricle and also the 
coronary arteries can be filled with contrast medium with the catheter in one position. 

In another embodiment of the invention the balloon can be filled.with 
gas or fluid, so that an economical and unproblematic medium is available to fill the 
balloon. 

Another embodiment of the invention provides for the balloon to be 
conical in its expanded state and for the diameter of the balloon to increase with 
increasing distance from the distal end of the catheter, so that basically it is also 
possible to use the balloon for a controlled extended inflation of about 4 to 5 seconds 
duration. For this the lumen of the aorta is not reduced completely but up to about 
two-thirds of the diameter previously determined by echocardiography. This ensures 
that adequate residual blood circulation is preserved in all peripheral and specifically 
cranial arteries. 

Another variation of the invention envisions that the catheter in the 
area of the outlets of the third lumen and/or in the area of the outlets of the second 
lumen has X-ray reflective markings, or respectively is radiopaque, so that it is 
possible to position the inventive catheter in the heart simply and reliably. 
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In another embodiment of the invention the catheter is bent at its end, 
so that it cannot penetrate the coronary arteries because of its pigtail, circular or spiral 
shape and cannot cause any other damage to the heart. 

In another embodiment of the inventive apparatus the balloon pump 
can be controlled from EKG equipment, so that the increase in concentration of the 
contrast medium can be implemented with the least possible detriment to the activity 
of the heart, or to the patient's circulation respectively. 

Further supplemental to the inventive apparatus, the balloon pump 
blows during specific phases of the heart, specifically during systole or diastole, or a 
phase range of the heart cycle selected independently thereof, or continuously over 
several heart cycles, so that the penetration of contrast medium into the coronary 
arteries is encouraged; however, systolic blood flow remains unrestricted. This 
effect, which results from the increase in volume of the balloon, matches the effect 
with which blood is pumped into the coronary arteries during diastole. The result is a 
very realistic picture of the coronary arteries, because the procedure is taking place in 
the natural pressure range. For this reason blood flow conditions and possible 
constrictions in the coronary arteries are, by and large, natural, and their true 
significance can be shown correspondingly. Artifacts caused by turbulence and 
pressure-induced expansions of the vessel wall are largely eliminated. Furthermore, 
at no time during the examination is the flow through the coronary arteries reduced; 
on the contrary, it is increased and thus the relative ischemia caused by the highly 
concentrated, oxygen-poor contrast medium is at least reduced. 

In other embodiments of the invention the balloon pump empties the 
balloon again during specific heart phases, specifically during systole or diastole or a 
phase range selected independently thereof or continuously over several heart cycles, 
so that the arteria renalis and other exits from the aorta can be shown. 

Other variations of the invention envision that the first and the second 
contrast medium pump can be controlled from EKG equipment and that the first 
contrast medium pump for the second lumen and the second contrast medium pump 
for the third lumen supply contrast medium to the catheter during specific phases of 
cardiac activity, specifically diastolic, or continuously over several heart cycles 
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(heartbeats), so that with the economical use of contrast medium in the areas of the 
heart to be examined a highest possible local concentration of contrast medium is 
available, and thus a good representation of the areas of the heart to be examined, 
showing the blood circulation conditions in the heart, is possible on the X-ray screen. . 

In a variation of the invention it is envisioned that through first lumen, 
second lumen and/or third lumen the pressure in the environment of the balloon 
and/or the outlet is measurable, so that a measurement of the pressures in left 
ventricle and aortic bulb, which should precede a coronary angiography, is possible 
without additional stress for the patient and almost without prolonging the overall 
duration of the examination. 

In a further embodiment of the invention pharmacologically effective 
substances, specifically for thrombolytic therapy following an acute cardiac 
infarction, are injected, so that the pharmacologically effective substances attain 
improved concentration, compared with systemic administration. 

Additional advantages and advantageous embodiments of the 
invention can be found in the following drawing, the description and the patent 
claims. In the drawing: 

Figure 1 show: a first embodiment of an inventive catheter with cross 

sections; 

Figure 2 shows : a second embodiment of an inventive catheter with 

cross sections; 

Figure 3 shows: a schematic representation of the heart with an 
inventive catheter; and 

Figure 4 shows: a heart with an inventive apparatus. 

Figure 1 shows a first embodiment of an inventive catheter 1 having 
three lumina. Figure lb shows the catheter 1 along the section line I-I. In this 
representation a first lumen 3, a second lumen 5 and a third lumen 7 can be seen. A 
balloon 9 is inflated, or deflated respectively, through the first lumen 3 with a fluid or 
a gas. In Figure 1 the balloon 9 is shown in the inflated or expanded state. The 
connection between the first lumen 3 and balloon 9 is invoked through outlets 1 1. It 
can also be clearly seen that the balloon 9 in the inflated state has a conical or 


9 

truncated cone shape, where the diameter of the balloon 9 increases with increasing 
distance from a distal end 13 of the catheter 1 . 

Between balloon 9 and a distal end 13 of the catheter 1 there are 
additional outlets 1 5 in the immediate proximity of the balloon 9. These outlets 15 
are connected to the second lumen 5 of the catheter 1. Contrast medium which 
emerges below the balloon 9 from the outlets 15 can be pumped through the second 
lumen 5. In the area of the outlets the catheter 1 has a cross section in accordance 
with Figure lc. Only the second lumen 5 and third lumen 7 are still present . In the 
immediate proximity of the outlets 15 there are markings 17 which reflect X-rays and 
thus can be detected on an X-ray image. With the help of these markings 17 the 
inventive catheter 1 can be positioned in the patient's heart in a specific way such 
that the outlets 1 5 end up in the area of the aortic bulb. When a contrast medium is 
delivered in this position through the second lumen 5 and this contrast medium exits 
from the outlets 15, the contrast medium reaches the coronary arteries during diastole 
and allows them to be shown on the screen. The balloon 9 is expanded 
simultaneously to support this procedure. 

There are additional markings 19 at the distal end 13 of the catheter 1. 
With the help of markings 19, which reflect X-rays, the distal end 13 can be 
positioned in the left ventricle, and the position of the distal end 13 can be verified on 
the X-ray screen. Also in the immediate proximity of the distal end 13 there are 
outlets 21 which are connected to the third lumen 7. The cross section through the 
catheter 1 in the area of the outlets 21 is shown in Figure Id. The distance between 
the outlets 15 and the outlets 17 approximately matches the length of the left 
ventricle, so that, when the distal end 13 of the catheter 1 is introduced into the left 
ventricle, the outlets 15 are automatically positioned in the area of the aortic bulb. 
What is accomplished is that both the left ventricle and the coronary arteries can be 
filled with contrast medium without having to change the position of the catheter 1 
with respect to the heart. 

Figure 2 shows a second embodiment of an inventive catheter 1 . The 
same components were given the same reference numbers. Reference is made to the 
description of Figure 1 with respect to an explanation thereof. 
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The fundamental difference compared with the first embodiment is 
that there is no third lumen. For this reason catheter 1 can be configured with a 
smaller diameter, which makes its introduction through a shunt in the groin easier, or 
respectively makes a smaller shunt possible. Furthermore, manufacturing costs are 
reduced. An additional difference is that balloon 9 is located in the immediate 
proximity of the distal end 13 of the catheter 1 . In order to examine the left ventricle, 
the catheter is pushed through the aorta into the left ventricle until the distal end 13 
of the catheter lies against the side of the left ventricle opposite the aortic valves or is 
in the immediate proximity of this side. In this position the balloon is deflated, that 
is, it is lying against catheter 1 and has no function in this position. The examination 
of the left ventricle is undertaken in the usual way. When this examination is 
concluded the catheter is retracted somewhat, just far enough until the outlets 15 are 
in the area of the aortic bulb or coronary arteries respectively. In this position the 
balloon 9 is positioned in the aorta and can increase the concentration of contrast 
medium in the coronary arteries, as described above. It is much simpler to contrive 
to move the catheter 1 during an examination than to change a catheter and 
furthermore it can be carried out more quickly, so that examination time and stress on 
the patient are reduced. 

Figure 3 a shows a heart 23 in systole with the inventive catheter 1. 
The catheter 1 extends into the left ventricle 24, while the balloon 9 is positioned 
above the aortic bulb 25. During systole the balloon 9 is deflated, that, is, it is lying 
basically flat against the catheter 1 and thus causes only minor resistance to the 
outflowing blood in the aorta 27, indicated by arrows 30. Also indicated is a 
coronary stenosis 28, which results in the tissue 29 that lies behind the coronary 
stenosis 28 in the direction of flow being poorly supplied with blood. The discovery 
of such coronary stenoses shall be made easier with the assistance of the inventive 
catheter 1 by delivering a contrast medium (not shown) into the coronary arteries 3 1 . 

This procedure is depicted in Figure 3b. It shows the heart during 
diastole, that is, the left ventricle 24 is increasing its volume and thus wants to draw 
blood back out of the aorta 27. This is prevented by the aortic valves 33 which are 
closed because of the pressure differential between left ventricle 24 and aorta 27. 
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The incipient backflow of blood out of the aorta 27 in the direction of the left 
ventricle results in blood, or contrast medium respectively, which is leaving the 
outlets 15 of the catheter (see Figure 1 and Figure 3), flowing into the coronary 
arteries. In Figure 3b the contrast medium was suggested by showing the coronary 
arteries 3 1 filled with contrast medium in black. The balloon 9 is inflated during 
diastole so that its volume is enlarged and it thus supports, or reinforces, the return 
flow of blood, or contrast medium respectively, from the area of the aortic bulb as far 
as the balloon 9 into the coronary arteries. The expansion of the balloon is indicated 
in Figure 3b by arrows. As a result, and because the drainage of contrast medium 
through the aorta is prevented, the concentration of contrast medium in the area of 
the aortic bulb and the coronary arteries is increased compared with traditional 
cardiac catheters, without degrading the oxygen supply to the coronary arteries. 

When the left ventricle is to be examined, the balloon is deflated and 
contrast medium is pumped out of the outlets 21 (see Figure 1) into the left ventricle 
24. From Figure 3 it is clear that left ventricle 24 as well as both coronary arteries 3 1 
can be examined without the necessity of changing the position of catheter 1 . This 
simplifies the examination, and the time required is drastically reduced by restricting 
X-ray photographs for checking the position to a minimum. Consequently, the stress 
from X-rays for patient, physician and attending staff is also reduced. At the same 
time the images of the areas of the heart being examined 23 are improved. 

Figure 4 shows a heart 23 with catheter 1 inserted and the other 
components of an inventive apparatus for perfusing contrast media. The first lumen 
3 of catheter 1 is connected to a balloon pump 35. The second lumen 5 is connected 
to a first contrast medium pump 37, while the third lumen 7 is connected to a second 
contrast medium pump 39. The balloon pump 35 and first and second contrast 
medium pumps 37 and 39 are controlled from EKG equipment 41, which is hooked 
up to the patient 43, who is shown in highly simplified form. As the result of this 
arrangement, the balloon 9 is deflated during systole and inflated during diastole. 
Additionally the moment for perfusing the contrast medium can be selected. 

The contrast medium in the heart 23 can be shown on a screen 47 by 
means of an X-ray camera 45. The embodiment of the catheter 1 shown in Figure 4 
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has a so-called pigtail, meaning that its distal end 13 is curved in the shape of a 
spiral, so that damage to the heart wall or unintentional penetration of one of the 
coronary arteries 32 is prevented. 

All the features presented in the description, the following claims and 
the drawing can be essential to the invention both individually as well as in any 
combination with each other. 


